We investigate the B → K * 0 (1430)l + l − transition in the Applequist-Cheng-Dobrescu model in the presence of a universal extra dimension. In particular, we calculate double lepton polarization asymmetries and branching ratio related to this channel and compare the obtained results with the predictions of the standard model. Our analysis of the considered observables in terms of radius R of the compactified extra-dimension as the new parameter of the model show a considerable discrepancy between the predictions of two models in low
Introduction
The B → K * 0 (1430)l + l − transition proceeds via flavor changing neutral current (FCNC) transition of b → sl + l − at loop level. Such transition can be used in constraining the standard model (SM) parameters as well as gaining useful information about new physics effects such as extra dimensions, fourth generation of the quarks, supersymmetric particles and light dark matter , etc. The SM of particle physics can explain almost all known collider data and is in perfect agreement with the experiments so far. However, there are some problems such as, the origin of the matter in the universe, gauge and fermion mass hierarchy, number of generations, matter-antimatter asymmetry, unification, quantum gravity and so on, which can not explained by the SM. Hence, the SM can be thought to be a low energy manifestation of some underlying more fundamental theory or, to solve the aforementioned problems, some alternative theories are needed.
The extra dimension (ED) model with a flat metric [1, 2, 3] or with small compactification radius is one of the alternative theories. The ED is categorized as universal extra dimension (UED), where the SM fields containing gauge bosons and fermions can propagate in the extra dimensions and non-universal extra dimension (NUED), where the gauge bosons propagate into the extra dimensions, but the fermions are confined to the usual three spatial dimensions (D 3 brane). The simplest example of the UED where just a single universal extra dimension is taken into account is called the Appelquist, Cheng and Dobrescu (ACD) model [4] . Compared to the SM, this model has one extra parameter called compactification radius, R. Hence, this model is a minimal extension of the SM in 4 + 1 dimensions with the extra dimension compactified to the orbifold S 1 /Z 2 and the fifth coordinate, y running between 0 and 2πR, and y = 0 and y = πR are fixed points of the orbifold. The zero modes of fields propagating in the extra dimension correspond the SM particles. The higher modes with momentum propagating in the extra dimension are called Kaluza-Klein (KK) modes. The mass of KK particles and interactions among them and also their interactions with the SM particles are explained in terms of the compactification scale, 1/R. One of the important properties of the ACD model is conservation of the KK parity, (−1)
KK number (for details about the method see also [5, 6, 7, 8] ). Such conservation entails the absence of tree level contributions of KK mods to processes occur at low energies, µ ≪ 1 R , requiring the production of a single KK particle from the interaction of th SM particles. This allows us to use accurate electroweak measurements to supply a lower bound to the compactification scale, 1 R ≥ (250 − 300) GeV [8, 9] . As these excitations can affect the loop level processes, especially FCNC transitions, investigation of B → K * 0 (1430)l + l − channel in the framework of the ACD model can be useful for constraining the parameters related to this new physics scenario.
The ACD model has been applied widely to calculate many observables related to the radiative and semileptonic decays of hadrons (for some of them see for example [5, 6, 7, 8, 10, 11, 12, 13] . In the present work, we calculate double lepton polarization asymmetries and branching ratio related to the rare semileptonic B → K * 0 (1430)l + l − transition in terms of radius R of the compactified extra-dimension as the new parameter of the model in the framework of the ACD model. We compare the obtained results with the predictions of the standard model. The outline of the paper is as follows. In section 2, we introduce the effective Hamiltonian responsible for the b → sl + l − transition. Using the effective Hamiltonian, we obtain the branching ratio as well as the various related double lepton polarization asymmetries in terms of form factors also in this section. Using the fit parametrization of the form factors obtained using QCD sum rules, we numerically analyze the considered observables in section 3. This section also includes a comparison of the results obtained in ACD model with that of predicted by the SM and our discussions.
2 Branching ratio and double lepton polarization asymme-
At quark level, the B → K * 0 l + l − transition proceed via FCNC transition of the b → sl + l − . The effective Hamiltonian responsible for this transition at quark level can be written as:
where G F is the Fermi constant, α em is the fine structure constant at Z mass scale, V ij are elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix and C ef f 7 , C ef f 9 and C 10 are the Wilson coefficients, which are the main source of the deviation of the ACD and SM models predictions on the considered observables. The Wilson coefficients can be expressed in terms of the periodic functions, F (x t , 1/R) with x t = m 2 t /M 2 W and m t being the top quark mass. Similar to the mass of the KK particles described in terms of the zero modes (n = 0) correspond to the ordinary particles of the SM and extra parts coming from the ACD model, the functions, F (x t , 1/R) are also written in terms of the corresponding SM functions, F 0 (x t ) and extra parts which are functions of the compactification factor, 1/R, i.e.,
where
and m n = n R . The Glashow-Illiopoulos-Maiani (GIM) mechanism guarantees the finiteness of the functions, F (x t , 1/R) and satisfies the condition, F (x t , 1/R) → F 0 (x t ), when R → 0. As far as 1/R is taken in the order of a few hundreds of GeV , these functions and as a result, the Wilson coefficients differ considerably from the SM values. For explicit expressions of the Wilson coefficients in ACD model see [5, 6, 8] .
To obtain the amplitude for the B → K * 0 l + l − transition, we need to sandwich the effective Hamiltonian between the initial and final states. As a result of this procedure, the matrix elements, K * 0 |sγ µ (1 − γ 5 )b| B and K * 0 |siσ µν q µ (1 + γ 5 )b| B are obtained which should be calculated in terms of some form factors. Due to the parity considerations, the vector (sγ µ b) and tensor (siσ µν q ν b) parts of the transition current have no contributions. The matrix elements related to the axial-vector and pseudo-tensor parts of the transition currents are parameterized in terms of the form factors, f + , f − , and f T in the following way:
where P = p + p ′ and q = p − p ′ . These form factors have been calculated in [15] in the framework of the three-point QCD sum rules. The fit parametrization of the form factors is given as:
The values of the parameters f i (0), a i and b i are given in Table 1 . Table 1 : parameters entering the fit parametrization of the form factors for
Now, we proceed to calculate the differential decay rate for the considered transition. Using the amplitude and definition of the transition matrix elements in terms of the form factors, we get the following expression for the 1/R-dependent differential decay rate:
is the usual triangle function. Integrating out the above equation in the allowed physical region of theŝ (4m
2 ), one can get the 1/R-dependent total decay rate and branching ratio.
At the end of this section, we focus our attention to obtain the double-lepton polarization asymmetries. We calculate these asymmetries when polarizations of both leptons simultaneously are considered. Using the definitions of the double-lepton polarization asymmetries expressed in [16, 17, 18] , we obtain the 1/R-dependent polarizations,
where, L, N and T stand for the longitudinal, normal and transversal polarizations, respectively,
,ŝ) and
Numerical results
In this section, we numerically analyze the expressions of the branching ratio and double-lepton polarization asymmetries and discuss their dependence and sensitivity on the compactification factor, 1/R. Some input parameters of the SM used in the numerical analysis are: 784 GeV , and τ B = 1.525 × 10 −12 s. As we previously mentioned, the branching ratio is obtained integrating the differential decay rate overŝ in the physical region of the square of the momentum transfered, q 2 , hence the obtained expression for the branching ration only depends on the compactification factor. In Fig. 1 , we present the dependence branching ratio of the B → K * 0 l + l − transition on compactification parameter, 1/R in the interval, 200 GeV ≤ 1/R ≤ 1000 GeV for different leptons.
From this figure, we deduce the following results:
• There are considerable discrepancies between the predictions of the ACD and SM models for low values of the compactification factor, 1/R. As 1/R increases, the difference between the predictions of the two models tends to diminish. The result of ACD approaches the result of SM for higher values of 1/R (1/R ≃ 1000 GeV ). Such a discrepancy at low values of 1/R can be a signal for the existence of extra dimensions.
• As it is expected, an increase in the lepton mass results in a decrease in the branching ratio. The branching ratios for the e and µ are approximately the same.
• The order of magnitude of the branching ratio, specially for the e and µ, depicts a possibility to study such channels at the LHC.
Now, we proceed to show the results of the double-lepton polarization asymmetries. As it is clear from their explicit expressions, they depend on both the compactification factor, 1/R and thê s. • As it is expected, all polarization asymmetries lie between −1 and 1. There are also discrepancies between the predictions of two models for small 1/R values, except the P LL , P LN and P N T for e and µ cases for which the differences between the ACD and SM models are very small. At high values of 1/R, two models have approximately the same predictions.
• All double-lepton polarization asymmetries have the same sign for all leptons, except the P LL at which the sign for the τ mode is different than those for the e and µ cases.
• In contrast with the branching ratios, some of the polarization asymmetry predictions are different for the e and µ cases.
• In P N N for e and µ and P T T for e, the SM gives zero forŝ = 0.5, while we see considerable nonzero values for them in ACD model at low 1/R values.
We depict the dependence of the different double-lepton polarization asymmetries onŝ at different fixed values of 1/R and the SM for different leptons in Figs. [8] [9] [10] [11] [12] [13] . From these figures, we infer the following information:
• The longitudinal-longitudinal polarization asymmetry, P LL , remains approximately unchanged in whole physical region except the end points for the e and µ. This asymmetry grows asŝ increases and reaches its maximum at the upper bound of the allowed physical region for τ .
• The P LN is zero in the interval, 4m 2 l ≤ŝ ≤ 0.37, but afterŝ = 0.37 it starts to increase up to the upper limit forŝ ((1 −m K * 0 )
2 ) for e and µ. For τ case, this asymmetry remains approximately unchanged in the interval 4m 2 l ≤ŝ ≤ 0.50, but after this point it starts to diminish and becomes zero at the endpoint.
• The P LT slightly decreases asŝ increases for the e and µ cases and has a very small value for the e case compared to that of the µ. This asymmetry for τ , first increases then it decreases after reaching a maximum asŝ increases in the allowed physical region.
• The normal-transversal polarization asymmetry, P N T remain also unchanged in the interval, 4m 2 l ≤ŝ ≤ 0.37, for e and µ, but it grows after this interval and has negative sign. In the case of τ , this asymmetry also has negative sign and it increases to reach a maximum then decreases asŝ increases.
• For the e and µ, the P T T and P N N start to decrease asŝ increases. The values of these asymmetries in the SM and higher values of the compactification factor become zero around s = 0.37 then they start to increase asŝ increases. They have minimums at low 1/R values at the sameŝ. For τ case, the P T T and P N N grow asŝ increases and the P N N reaches its maximum at the upper bound.
At the end of this section, we would like to quantify the uncertainties of our predictions associated with the errors of the hadronic form factors. In this connection, we show the dependence of the differential branching ratios for µ and τ onŝ in Fig. 14 and dependence of P LL , P T T and P N N onŝ only for µ in Fig. 15 . These figures contain our predictions (a) in ACD model at 1/R = 200 GeV when the errors presented in Table 1 In the case of µ, the maximum deviation from the SM is in lower values ofŝ and belongs to the case (a) and has the value about two times grater than that of the SM. For τ case, the maximum deviation of the ACD prediction lies at middle of the allowed physical region for theŝ. At this point, the ACD prediction in the case (a) is approximately six times greater than the SM prediction. The similar deviations from the SM model has also been observed for instance in [19] for Λ b → Λl + l − , but at higher values ofŝ. Figure, 15 depicts an interesting observation. The ACD model in the cases (a) and (b) has approximately the same predictions, but ignoring the end points at which two models have same predictions, the ACD model predictions are 1/5, 5 and approximately 9 times of the SM predictions for P LL , P T T and P N N , respectively.
Conclusion
We have calculated some observables such as the branching ratio and double-lepton polarization asymmetries associated with the B → K * 0 (1430)l + l − channel in the framework of the ACD model with a single universal extra dimension. We discussed the sensitivities of these observables to the compactification parameter, 1/R. We compared the results obtained from the ACD model with the predictions of the standard model. The predictions of the two models approach each other at around 1000 GeV for the value of the compactification parameter, 1/R. However the results for the two models differ significantly at lower values of the compactification parameter. This difference grows specially when the errors of the form factors calculated from the QCD sum rules in Table 1 are taken into account. The maximum deviation from the predictions of SM for the considered quantities, obtained using the central values of form factors, belongs to the case of ACD model predictions, where the errors of the form factors are added to the central values of the form factors. This deviation also increases as 1/R decreases, such that at low 1/R, the discrepancy between predictions of the SM and ACD models reaches to approximately one order of magnitude for some observables. These results beside the other evidences for deviation of the ACD model predictions from the SM obtained via investigating many observables related to the B and Λ b channels, which due to the heavy bottom quark have large range of q 2 , in [5, 6, 8, 10, 11, 12, 13, 19, 20, 21, 22, 23, 24] , can be considered as a signal for the existence of extra dimensions in the nature which should we search for in the experiments.
The order of magnitude for the branching ratio shows a possibility to study B → K * 
